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The H1 and ZEUS collaborations at HERA report new data on the diffractive production of vec-
tor mesons with a many-fold increase of luminosity compared to previous measurements. The new
data include photoproduction and electroproduction of ρ0, φ, J/ψ. The available data on elastic VM
production indicate that the interaction scales as Q2 +M2V .
1 Introduction
The production of vector mesons (VM, V )
at HERA is interesting for the study of non-
perturbative hadronic physics, perturbative
QCD (pQCD) and their interplay. Moreover,
VM production is complementary to deep-
inelastic scattering (DIS). DIS has shown
the correctness of pQCD down to low val-
ues of Q2 ∼ 1 GeV2 (where Q2 is the
virtuality of the photon exchanged), a re-
gion where a transition to non-perturbative
physics is observed 1. In the past the elastic
processes were mostly treated through non-
perturbative methods. These methods are
successful to describe basic features of exclu-
sive light VM production at low photon virtu-
alities. However, in recent years a pQCD pic-
ture of the exclusive VM production is able
to describe its basic features provided that
Q2/Λ2QCD ≫ 1 and MV /W ≪ 1, where MV
is the mass of the VM and W is the photon-
proton center-of-mass energy. The photon
fluctuates into a quark-antiquark pair, long
before the interaction with the proton oc-
curs. The interation occurs via gluon lad-
ders. The steepness of the rise of the VM
production with W is basically driven by the
gluon density in the proton, which is probed
at an effective scale K ∼ (Q2 +M2V ) at low
x (x ≃ (Q2 +M2V )/W
2).
Assuming a flavor independent produc-
tion mechanism the relative production rates
should scale approximately with the square
of the quark charges, i.e. the relative pro-
duction rates scale as ρ0 : ω : φ : J/ψ = 9 :
1 : 2 : 8, referred here as SU(4) ratios. It is
interesting to determine how the interaction
changes the SU(4) ratios.
As for today the H1 and ZEUS collab-
orations have measured the elastic produc-
tion of vector mesons e + p → e + V + p,
where V = ρ0, ω, φ, J/ψ over a wide range
of W , from photoproduction (Q2 ≃ 0) to
Q2 = 100 GeV2 2−10. New results on
proton-dissociative diffractive photoproduc-
tion of VM at W ≃ 100 GeV and −t ≤
12 GeV2 11, where t is the squared four-
momentum transfer at the proton vertex, are
also available. The kinematic range of DIS
and VM production now overlap at HERA
giving us the chance to examine more deeply
fundamental issues of the physics of hadronic
interactions.
2 New results
The ZEUS collaboration has presented 7 new
data on the elastic electroproduction of ρ0
using an integrated luminosity of 38 pb−1.
The cross section for γ∗p → ρ0p has been
measured for 32 < W < 160 GeV and
5 < Q2 < 80 GeV2. The W dependence
of σ(γ∗p → ρ0p) is measured. If one as-
sumes the form W δ, where δ is extracted
from a fit at fixed Q2, it is shown that δ dis-
plays a marked increase with Q2. The Q2
dependence of γ∗p → ρ0p is fit to a form
(Q2+m2ρ)
−n. The power n is found to depend
on Q2.
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Figure 1. R = σL/σT for ρ
0 production is presented
for fixed Q2 values. No marked W dependence is
observed.
The angular distribution of the decay
products of the ρ0 are used to measure the
ratio of the production cross sections, R =
σL/σT , where σL and σT correspond to lon-
gitudinally and transversely polarized vir-
tual photons. The Q2 dependence of R is
parametrized as R = 1ξ (Q
2/m2ρ)
κ, where ξ =
2.17 ± 0.07 and 0.75 ± 0.03. The W depen-
dence of R is measured for three fixed values
of Q2. Fig. 1 shows that R does not depend
on W , therefore the steepness of the rise of
σ(γ∗p → ρ0p) with W appears to be inde-
pendent of the photon polarization.
The ZEUS collaboration has presented 5
new results on the elastic photoproduction
of J/ψ meson using two decay channels with
an integrated luminosity of 38 pb−1 and 48
pb−1. The total σ(γp → J/ψp) has been
measured in the kinematic range 20 < W <
290 GeV, exhibiting a steep dependence on
W , which is understood within pQCD as be-
ing driven by the rise of the gluon density in
the proton at low x. The differential cross-
section dσ/dt has been measured in the kine-
matic range 30 < W < 170 GeV and−t ≤ 1.8
GeV2. The dσ/dt data is used to determine
αIP (t) in six bins of t by means of a fit of the
form dσ/dt ∝ (W 2)2αIP (t)−2. The resulting
values of αIP (t) are fitted to a line, αIP (t) =
αIP (0) + α
′
IP · t, where αIP (0) = 1.193
+0.019
−0.015
and α′IP = 0.105
+0.033
−0.031. The measurement of
fit region
Figure 2. The corrected number of events 1/N ·dN/dt
of ψ(1S) candidates as a function of | t |. The lines
correspond to different contributions to the combined
fit of the t-slope.
the intercept, αIP (0), is neither compatible
with the soft Pomeron nor the hard Pomeron
alone. The slope, α′IP , is significantly smaller
than that of the soft Pomeron and suggests
the presence of small shrinkage.
The H1 collaboration has presented 6
new results on the elastic photoproduction of
ψ(2S) corresponding to an integrated lumi-
nosity of 38 pb−1 in a range 40 < W < 150
GeV. The t-dependence of the elastic pro-
duction of ψ(2S) differential cross section is
extracted by means of a combined fit that
takes into account the contribution of the
proton dissociative and non-resonant QED
background (see Fig. 2). A single expo-
nential e−b|t| is used to describe the elas-
tic cross section. The fit yields bψ(2S) =
(4.5+1.7−1.4) GeV
−2. This result is consistent
with the slope parameter of the J/ψ of bJ/ψ =
(4.73+0.39−0.46) GeV
−2 5. This is consistent with
the pQCD prediction despite the naive ex-
pectation that ψ(2S) has more peripheral t-
dependence since the two c-quarks are on av-
erage further apart from each other than in
the ground state.
The ZEUS collaboration has presented 10
new results on the elastic electroproduction
of J/ψ using an integrated luminosity of 75
pb−1 in the kinematic range 50 < W < 150
GeV and 2 < Q2 < 100 GeV2. The W de-
pendence of the cross section is parametrized
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with W δ at fixed Q2. The obtained values
of δ are consistent with those measured in
photoproduction. The Q2 dependence of the
cross section is fairly well described by pre-
dictions of pQCD. The ratio of the J/ψ to ρ0
cross sections rises rapidly with Q2 approach-
ing the SU(4) ratios. The ratio R = σL/σT
is extracted from the angular distributions of
the decay products of the J/ψ and increases
with Q2. The measured R is consistent with
the one obtained for ρ0 after taking into ac-
count the suppression factor of Mρ/MJ/ψ.
The ZEUS collaboration has produced 11
new results on the photoduction of ρ0, φ, J/ψ
where the proton dissociates into a low mass
state N . The data correspond to 24 pb−1 at
W ≃ 100 GeV and extended up to −t = 12
GeV−2. The measured differential cross sec-
tion dσ/dt is parametrized as a power func-
tion dσ/dt ∝ (−t)−n. The fitted value
of n decreases with increasing mass of the
VM: nρ = 3.31
+0.12
−0.12, nφ = 2.77
+0.18
−0.18 and
nJ/ψ = 1.7
+0.28
−0.28. A comparison of the mea-
sured differential cross sections with QCD
models shows that the perturbative part of
the calculation for ρ0 and φ production at
the t values covered in this analysis is well
below the data. The pQCD prediction is in
agreement with the J/ψ data, but large the-
oretical uncertainties remain. As illustrated
in Fig. 3, the differential cross section ra-
tio dσdt (γp → φN)/
dσ
dt (γp → ρ
0N) increases
with -t and approaches the SU(4) ratio at
−t ≈ 3.5 GeV2, while in elastic electropro-
duction regime the φ/ρ0 ratio approaches the
SU(4) value at a larger scale, Q2 ≥ 6 GeV2.
In the case of the J/ψ this ratio is signifi-
cantly smaller than the SU(4) value up to −t
values of 4 GeV2. For -t≈ 3.5 GeV2 this ratio
is a factor of five above the (J/ψ)/ρ0 ratio for
Q2 ≈ 3.5 GeV2, indicating that t and Q2 are
not equivalent scales.
The decay angle analysis is performed for
the ρ0 and φ and demonstrates a clear de-
viation from S channel helicity conservation
(SCHC). The measured values of the spin
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Figure 3. The ratios of the cross sections dσ/dt for
φ to ρ0 and J/ψ to ρ0 for proton-dissociative photo-
production.
density matrix are in agreement with pQCD
predictions.
3 The scale of interaction in
elastic VM production.
Recent results on the elastic VM produc-
tion at HERA have shown that the W de-
pendence of the total cross section σ(γ∗p →
V p) and the t dependence of the differential
cross section dσ(γ∗p → V p)/dt is dependent
on Q2 and M2V , suggesting that the observ-
ables of the interaction be functions of these
two variables 12 (See other relevant publica-
tions 9, 13, 14).
It has been shown that the relative pro-
duction ratios reach approximately the SU(4)
ratios at Q2 ≫ M2V . However, Fig. 4 shows
the total cross section ratios σω, σφ, σJ/ψ to
σρ being approximately constant with Q
2 +
M2V . The ratio σJ/ψ/σρ in Fig. 4 is system-
atically higher than the SU(4) ratio, possibly
due to difference in the wave function of light
and heavy quarks.
The universal character of the interac-
tion is further demonstrated in Fig. 5, where
dσ(γ∗p → V p)/dt(t = 0) ≈ bV · σ(γ
∗p →
V p) · r
SU(4)
ρ /r
SU(4)
V is plotted as a function
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 Elastic VM production at HERA
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Figure 4. The total cross section ratios σω , σφ, σJ/ψ
to σρ0 as a function of Q
2+M2V at fixedW compared
to the SU(4) ratios.
of x. Here bV is extracted from the differen-
tial cross section dσ(γ∗p→ V p)/dt assuming
dσ/dt ∝ e−b|t| and r
SU(4)
V are the SU(4) ra-
tios. This indicates that the effects due to
the wave functions of the different VM do
not play a major role. The x dependence
of the VM cross sections is parametrized as
A ·x−2·λV , where A and λV are fitted in each
bin of Q2 +M2V . The behavior of the steep-
ness of the rise of the VM production cross
section as x → 0 with changing Q2 +M2V is
similar to the x dependence of the inclusive
F p2 with changing Q
2 1. These results indi-
cate that the combination Q2+M2V is a good
choice of scale of the interaction in elastic VM
production.
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